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(57) Abstract 

A communication system includes channels for communication between subscribers defined by the combination of a se- 
lected CDMA code and a selected one or more time slots within a TDMA frame. The system may include a number of subscrib- 
ers (2) connected via a common transmission medium to an access node (1). In this case the access node (1) is arranged to assign 
the channels to the subscribers during an access phase. The node (1) may communicate with the different subscribers on a com- 
mon hailing channel. In one example, the hailing channel is defined by a pilot CDMA code common to the node (1) and to the 
subscribers (2). As well as allocating channels, the node (1) may select an appropriate data format and transmit indications to the 
subscribers of the data format selected. 
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CDMA/TDMA COMMUNICATION SYSTEM 

5 The present invention relates to data communication 

systems and in particular to a novel access protocol for 
the transmission of data over a common channel. The 
invention is of relevance to all types of shared 
transmission media such as wire transmission lines or 

10 optical fibres but is particularly appropriate to digital 
radio networks. 

In communication networks using a shared channel, 
signal multiplexing is adopted to enable multiple 
subscribers to make use of the channel. Connections which 

15 may be used by subscribers are distributed along the common 
channel thereby allowing multiple access. An access 
protocol determines the conditions under which a given 
subscriber can transmit or receive data from the channel. 
This combination of multiple-access, signal multiplexing 

20 and the access protocol enables subscribers to communicate 
via their own "virtual physical link" which is set up 
during an initial access phase. 

As described in further detail below, hitherto two 
main techniques have been adopted for multiplexing data in 

25 multiple access systems. In "time division multiple 
access" or TDMA, data is transmitted in frames divided into 
a number of time slots of equal duration. Each data 
transmission from a given subscriber is allocated its own 
time slot within the time frame. The transmission from 

30 each subscriber therefore cannot be continuous, but is 
sampled and as many bits as can be fitted within the slot 
are transmitted in a given frame. The maximum number of 
different transmissions which can take place within a given 
time frame is set by the number of slots in the frame. 

35 TDMA systems therefore require a very rigid protocol. 

An alternative prior art technique is code division 
multiple access or CDMA. This relies on coding each data 
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transmission with a unique pseudo-random code which is 
modulated on the data before the data is modulated onto the 
carrier. In the receiver, the data is recovered by 
correlating the code modulated data with a replica of the 
5 code used in the transmitter. Different virtual physical 
links can be accommodated by coding the relevant data 
transmission with different codes from the same basic 
family of codes. The code normally has a bit rate 
considerably higher than that of the data so that the 
10 transmission bandwidth of the modulated data is very much 
wider than that of the raw data. Such techniques are 
therefore referred to as direct-sequence spread- spectrum 
modulation. 

Conventional CDMA systems suffer a number of 
15 disadvantages. Unlike TDMA systems, each received signal 
is always corrupted by spread-spectrum cross-talk from 
other CDMA transmissions. A further limitation is the need 
to provide a unique code for every subscriber connected to 
the network. 

20 According to a first aspect of the present invention, 

there is provided a communication system in which 
subscribers connected to the system communicate on channels 
defined by the combination of a selected direct sequence 
CDMA code and a selected one or more time slots within a 

25 TDMA frame. 

The present inventors have developed a new 
multiplexing technique which they have termed "multiple 
division multiple access" or MDMA. This novel technique 
draws upon aspects of TDMA and direct sequence CDMA in 

30 combination to provide a system which is superior in 
performance to either of those techniques used on their 
own. 

In particular, MDMA provides a greatly improved 
response to a temporary overload of the system since the 
35 number of CDMA channels can be increased beyond the normal 
operational limits at the cost only of an increase in the 
level of noise, in a pure TDMA system by contrast there is 
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an absolute limit to the number of transmissions set by the 
number of time slots per time frame. At the same time the 
use within MDMA of multiple time slots removes the need to 
provide a unique code for each subscriber so that this 
5 system can function with a much smaller code set. In 
addition, through the use of direct sequence coding, the 
system enjoys good broadband noise rejection. 

Preferably the system comprises a plurality of 
subscribers connected via a common transmission medium to 

10 an access node arranged to assign the virtual physical 
links, hereinafter referred to as MDMA channels, to the 
subscribers during an access phase. 

The present inventors have developed a protocol and a 
network architecture embodying that protocol which 

15 maximises the benefits available from MDMA. One important 
feature of this protocol is the use of nodes to assign 
dynamically MDMA channels to the subscribers thereby 
ensuring maximum efficiency in the use of the slots 
available on the network and avoiding the need to have a 

20 unique code for each subscriber. 

Preferably the access node is arranged to communicate 
with the different subscribers on a common hailing channel. 
Preferably the hailing channel is defined by a pilot CDMA 
code common to the node and to the subscribers. 

25 The use of a dedicated hailing channel is another 

major aspect of the present invention. It is not limited 
in applicability to direct sequence codes but can also be 
used with frequency hopped codes. The frame structure of 
the hailing channel is identical to the frame structure of 

30 all other CDMA channels and the use of this channel for 
hailing may be restricted to a specific time slot so that 
excess capacity is not wasted on synchronisation and 
network management functions. 

The frame structure consists of a number of contiguous 

35 time slots followed by a guard-band period which acts as an 
end-of -frame marker. There are no transmissions in this 
guard-band period except for the hailing channel which can 
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send synchronisation information during this period for the 
subscriber equipment to achieve chip and frame 
synchronisation. All subscribers re-synchronise to the 
pilot code on the hailing channel during this inter-frame 
5 gap but run free during the rest of the frame period. 
Having identified the start of this frame, all subscribers 
then transmit in their allocated time-slot, which is 
received by the access node after a propagation delay. To 
overcome this delay problem, the inter-frame gap provides 

10 an opportunity for the base-station access node to assess 
the propagation delay between it and the outlying 
subscribers so that correct frame synchronisation can be 
achieved using the method of delay management. In this 
method, specific data patterns are sent to the base-station 

15 from a particular subscriber device, at the base-station's 
request, and the transmission of the pattern is 
progressively advanced by the subscriber device until the 
pattern is correctly detected by the access node. The 
access node then indicates to the subscriber that the 

20 pattern has been received correctly, and the subscriber 
equipment stores the relative phase advance that is 
necessary to exactly counter the propagation delay and this 
is used in conjunction with the inter-frame gap to ensure 
that all transmissions from the subscribers are correctly 

25 synchronised when received by the access node. 

The use of a pilot code as an access or hailing 
channel enables the system of the present invention to run 
in a synchronised mode and from this information precise 
timing information for the time frame and time slot 

30 synchronisation can be obtained. 

Preferably in the access phase, after the node has 
communicated with a transmitting subscriber and a receiving 
subscriber on the common hailing channel the node selects 
a free MDMA channel defined by a CDMA code other than the 

35 pilot code and a selected one or more time slots and 
transmits to the transmitting subscriber and the receiving 
subscriber an indication of the selected channel, the 
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subscribers subsequently communicating via the node on the 
selected channel. 

Preferably the node is arranged to communicate in 
addition data indicating a selected data format for the 
5 transmissions between the subscribers, the said data 
indicating whether the MDMA channel includes single or 
multiple time slots within each frame, and where multiple 
time slots are used whether those slots are contiguous or 
time disjoint. 

10 A further important advantage of the present invention 

is that it makes it possible to adapt dynamically the 
format adopted for data transmission according to the 
nature of the traffic to be carried. In particular for 
high bit-rate traffic multiple time slots may be allocated 

15 to the MDMA channel. 

Preferably when the allocated channel includes a 
plurality of contiguous time slots then the data format is 
adapted by removing redundant header and or trailer bits 
from the second or subsequent slots, and using the 

20 corresponding bit positions for traffic data. 

This technique of adapting the MDMA channels by 
assigning single or multiple time slots according to the 
requirements of the traffic, and varying the data slot 
structure when contiguous slots are used for one channel 

25 may also with advantage be used in otherwise conventional 
TDMA systems, and is not limited in application to the MDMA 
system of the first aspect of this invention. 

Preferably the communication system is a digital radio 
network . 

30 , The present invention has particular advantages when 

applied to a digital radio network, although as noted above 
it may also be applied to other media such as wire cable or 
optical fibre networks. 

The present invention also encompasses subscriber 

35 equipment, such as a digital radio telephone adapted for 
use in a network employing the MDMA protocol. 
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One example of a system in accordance with the present 
invention will now be described in detail and contrasted 
with the prior art with reference to the accompanying 
drawings, in which: 
5 Figure 1 is a schematic showing the architecture of 

one example of a network suitable for use in the present 
invention; 

Figures 2a and 2b are diagrams illustrating multiple 
access and star networks respectively; 

10 Figures 3a to 3c are diagrams illustrating time 

division multiplexing; 

Figures 4a and 4b are diagrams illustrating code 
division multiplexing; 

Figure 5 is a diagram illustrating a typical frame 

15 structure providing time slots of 16kb/s data or digitised 
speech signals; 

Figure 6 is a block diagram of a digital radio 
telephone; and 

Figure 7 is a block diagram of an access node. 

20 Figure 1 shows a schematic of the overall system 

architecture to which this example of the present invention 
is applied. A number of subscribers are connected in 
common to an access node 1. Each subscriber uses an 
interface device called a subscriber access device 2 (or 

25 SAD) which allows access to the physical network by the 
appropriate data terminal equipment 3 (DTE) which is 
connected on the subscribers side of the SAD. In the 
present example, all the subscribers are connected to the 
network via the medium of radio transmission and the common 

30 air interface is a radio transceiver. The access node 1 
acts as a switch to route the information flow between the 
subscribers and also acts as the network controller. 

Figure 6 is a block diagram of the radio telephone 
incorporating the MDMA SAD of the present example. The 

35 telephone might be used for voice telephony, or, for 
example, for providing a data link for a personal computer 
using a modem. The radio telephone incorporates a 
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smartcard interface 61, a keypad 62, a control processor 
and associated ROM 64. The control processor 63 is linked 
to an MDMA coder 65. The coder encodes data from a data 
source 66. Typically the data source will represent a 
5 speech signal. The encoded data is output via an RF stage 
67. 

Subscribers may also send or receive information to 
another similar network via the access node, which routes 
the information through a conventional transmission network 

10 such as a dedicated broadband link 4 (optical fibre or 
microwave link) to the access node of the other network. 
Furthermore, it is possible for subscribers to access other 
types of broadband service available on the ISDN network 6 
via the access node which can also route signals via a 

15 broadband link 7 to an asynchronous transfer mode (ATM) 
switch. The mode of operation of the network is "full 
duplex" which is accomplished by allocating two physical 
channels for the two different directions of transmission. 
In the case of the radio network, this is achieved by 

20 allocating two frequency channels, one for the up-link and 
one for the down-link. 

The network is equivalent to a star network but uses 
shared transmission media rather than many separate wires 
(Figures 2a and 2b) . 

25 The main purpose of this radio network is to allow the 

network subscribers to have access to a range of digital 
information services, such as digitized voice, fax, data, 
video and public utility telemetry etc. which are either 
currently available or have been proposed for the 

30 integrated services digital networks (ISDN) . The 
appropriate terminal equipment must be connected to the SAD 
via terminal ports, of course, but it is necessary for the 
SAD to be transparent to these various communication 
services. The SAD not only acts as the interface device, 

35 but also as a switch. A feature of the access protocol is 
that it uses common channel signalling to directly control 
the switching function of the SAD to enable the information 
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to be routed through the SAD to the appropriate terminal 
port on the SAD. 

The configuration of the SAD is also directly 
controlled by the proposed new access protocol via common 
5 channel signalling in the sense that it can adapt, 
dynamically, to different data formats in a way which 
optimizes the overall throughput of the system. However, 
the main requirement of the SAD is to gain, control and 
maintain access to the network by the subscriber according 

10 to the overall network access protocol. 

Figure 7 shows the construction of the access node 1. 
The diagram is applicable to both direct-sequence and 
frequency hopped access nodes. The access node of the 
direct-sequence spread-spectrum system transmits and 

15 receives m x n burst-mode signals simultaneously. The 
transmitted signals are transmitted at a frequency f t and 
the received signals are received at a frequency f r . The 
two bands of frequencies occupied by transmitted and 
received signals do not overlap. Each burst lasts for the 

20 duration of one time slot (or a multiple thereof) and there 
are n time slots per frame. Additionally, m simultaneous 
TDMA data streams may be transmitted, each being coded by 
a different CDMA code. 

The antenna is common to both transmit and receive 

25 sections of the base station by means of a duplexer, in the 
normal way. The receiver r.f. section 101 is a 
conventional broadband linear amplifier and filter unit to 
provide the required sensitivity and to reject adjacent 
channel interference. The r.f. section is translated to an 

30 intermediate frequency (i.f.), using one or several 
frequency conversion steps, in the normal way. In the i.f. 
section 102, additional filtering takes place and the 
signal is then demodulated to produce the required baseband 
signal comprising m CDMA messages. The demodulation 

35 process is the inverse of the modulation process. If the 
transmitter uses QPSK modulation the receiver uses a QPSK 
demodulator, etc. The modulator 104 and demodulator 105 
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use standard r.f. and i.f. technology and the method of 
implementation is well understood. 

In the synchronisation unit 106 a bank of m 
synchronisers in parallel establish chip, code and frame 
5 synchronisation for each of the CDMA channels and this 
synchronisation information is passed to the code 
correlator 103 and the TDMA demultiplexer 104. 
Conventional CDMA code synchronisers such as serial search 
synchronisers and delay lock loop synchronisation tracking 

10 units may be used, as in the SAD. However, in the base- 
station m such units would be required, one per CDMA code. 
Time slot synchronisation is facilitated by the frame 
structure which is being adopted. This incorporates a time 
frame marker on the hailing channel, as described above. 

15 Also at the i.f. output, a bank of m code correlators 

103 or matched filters despread the m CDMA channels in 
parallel. These m channels each contain n messages via 
TDMA multiplexing and these are demultiplexed in the next 
unit 104 which contains m TDMA demultiplexers in parallel. 

20 The n x m messages are put into an appropriate format 

prior to transmission onto the network via the base- 
station/network interface 107, described in the figure as 
an ATM/ TDMA interface (ATM = asynchronous transfer mode) or 
SDH/TDMA interface (SDH = synchronous digital hierarchy) . 

25 This interface also interrogates the received data to 
establish whether it is data for transmission onto the main 
network or whether it contains control information for use 
by the base-station. Such information may be the messages 
needed to set up a call, according to the media access 

30 protocol described above. 

The signal from the correlator output is also fed to 
a power control unit 108. This unit contains n x m power 
control circuits in parallel, one for each burst message. 
The purpose of the power control circuit is to ensure that 

35 the power of each burst transmission is received at the 
base-station at a given signal level, and that the average 
power of each CDMA channel is the same. The power control 



WO 93/15573 



10 



PCT/GB93/00199 



unit compares the actual power level from all m correlators 
at all the n time slots against a reference value. The 
output of the power control unit is n x m digital words per 
time frame representing the power level error information 
5 of each message. This error information is transmitted 
back to the appropriate SADs by coding the error 
information into the headers of the packets of data being 
transmitted during each time slot. Power control of the 
received signals is necessary for direct-sequence spread- 

10 spectrum systems for optimum performance. 

In the transmitter unit, the ATM/TDMA or SDH/TDMA 
interface 107, which will invariably be a microprocessor 
based unit, receives the data from the network and 
interprets the information as either data to be transmitted 

15 over the MDMA radio link or network control information, in 
the normal way. The data to be transmitted over the link 
is assigned a virtual channel in the form of a unique time 
slot and a CDMA code. This interface unit re-packetises 
the data according to the MDMA protocol inserting 

20 additional information such as synchronisation bits, frame 
header and trailer bits, power control bits and network 
signalling bits. 

This packetised data is then routed to the TDMA 
multiplexer 105 appropriate to its CDMA code and 

25 transmitted during the appropriate time slot. 

The streams of data from the m TDMA multiplexers is 
then spread in frequency by the CDMA multiplexers 109 and 
the m CDMA streams combined linearly to form a single 
complex waveform. 

30 This signal is transmitted at the appropriate carrier 

frequency using the appropriate method of modulation such 
as double sideband suppressed carrier. Alternatively, as 
shown, each CDMA code can be separately modulated onto the 
carrier and the linear combining carried out at r.f . rather 

35 than baseband. This later approach is more hardware 
intensive but more spectrally efficient. 
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Frequency Hopped CDMA System 

The basic structure of the frequency hopped access 
node system is generally similar to that of the direct- 
sequence system. The access node would transmit on a band 
5 of frequencies centred at f t and receive on a bank of 
frequencies centred at f r . The two bands of frequencies do 
not overlap. The ATM or SDH interface and the TDMA aspects 
of the access node are identical to the direct-sequence 
case. 

10 Considering the transmitter section, the m TDMA data 

streams are fed to the frequency hopped CDMA modulators in 
place of the direct-sequence CDMA modulators. Here, each 
TDMA data stream is transmitted on a unique carrier 
frequency. The frequency of each of the m carrier signals 

15 changes periodically, and in such a way that two or more 
TDMA data streams are never transmitted on the same carrier 
frequency. The method of modulation of the TDMA data 
stream onto the hopping carrier is by any spectrally 
efficient method, such as QPSK or MSK, but this is not 

20 central to the patent. 

In the receiver, the r.f. section is the same as for 
the direct-sequence case, but the i.f . section and the code 
correlators have a slightly different structure. In the 
frequency hopped receiver, each of the m correlators is 

25 replaced by a coherent demodulator. This comprises of a 
local oscillator signal which is hopping in perfect 
synchronisation to the transmitted signal such that the 
i.f. frequency is always constant. An appropriate 
demodulator then demodulates the resulting i.f. signal, 

30 which results in a TDMA data stream. m such local 
oscillators and demodulators provide the m TDMA data 
streams, which are demultiplexed as for the direct-sequence 
case. 

Code synchronisation is required as for the direct- 
35 sequence case, but this type of technology is now well 
understood . 
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The access node controls the operation of the shared 
channel on the basis of information supplied to it from 
each subscriber. This is also supplied via the access 
protocol. The access protocol to be described has four 
5 main layers. Even so, the access protocol may be assumed 
to operate at the lowest levels of the overall (end-to-end) 
protocol used by an application since it represents the 
transmission of the raw data at the bit level. For 
example, if the network allows a subscriber to transmit 

10 packetised data, the subscriber's own DTE would provide the 
necessary data link protocol to initiate packet 
retransmission etc., and the system is transparent to the 
format of the data. A feature of the proposed access 
protocol is that it is configurable to allow a great many 

15 different data link protocols to be handled by the MDMA 
network as well as a wide range of data formats including 
voice, data and video information as well as data 
transmission to the X.25 standard. For certain types of 
data transmission which currently use voice channel modems, 

20 e.g. the following data link protocols: V21, V22, V22bis, 
V23 etc. the access protocol is completely transparent. 
The various layers of the protocol are described in 
entirely general terms in the following sections. More 
detailed descriptions of the operation will be given in a 

25 subsequent section. It is assumed that transmissions from 
each SAD to the access node takes place on the "up-link" 
channel of the full duplex link, and transmissions from the 
access node to each SAD takes place on the "down-link" 
channel . 

30 Subscriber-Connect Protocol 

The first layer represents the subscriber-connect 
protocol. This is the first phase of connection of a 
subscriber onto the network and takes place whenever the 
SAD is powered-up and programmed or whenever it is 

35 reprogrammed. It essentially logs a new subscriber onto 
the network. The SAD has to be programmed with the 
relevant information regarding the subscriber, and this can 
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be accomplished using a "smartcard". For most practical 
purposes, the relevant information required is the 
subscriber identification number, although other status 
information may also be provided. This information must be 
5 passed to the access node to indicate that the subscriber 
is physically connected to the network. This information 
is then logged by the access node's database as an active 
SAD. The access node also carries information regarding 
active SADs in other similar networks. 

10 The smartcard removes the restrictions inherent in 

conventional telephone systems, whereby the- telephone 
number is associated with the physical location of the 
telephone handset. In this system a subscriber may 
reprogram any SAD to receive calls. Billing is attributed 

15 to the subscriber identification number not the physical 
location of the SAD. Whilst the smartcard is in the SAD, 
the SAD remains logged on to the network. When the 
smartcard is removed, the subscriber-connect protocol 
automatically informs the access node that the SAD has 

20 become inactive. The SAD must then be reprogrammed with a 
smartcard before further network access can take place. 
Media Access Protocol 

This second layer of protocol is transmitted whenever 
the "logged-on" subscriber wishes to access the channel to 

25 transmit information. In this case the protocol is in the 
form of a handshake protocol. The first, handshake is 
between the transmitting SAD and the access node and the 
second handshake is between the access node and the 
receiving SAD. Both handshakes have to be set up before 

30 transmission can begin. The SAD requesting access to the 
network for transmission of data sends its identification 
number to the access node together with the identification 
number of the SAD requested to receive the data and also 
information regarding the requirements of the transmitted 

35 signal (i.e. the required data rate and the data format). 
This acts as a request for access. With this information, 
the access node is able to calculate whether there is 
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available capacity on the network. The access node also 
ascertains whether the requested receiving SAD is connected 
(i.e. logged-on the network) or if it is currently engaged. 
If any of these events occur the access node does not 
5 complete the handshake and terminates the access with an 
appropriate message detailing the reason for non- 
connection. If the receiving SAD is able to receive 
information, the handshake is set up. This is accomplished 
by the access node sending an acknowledgement to both 

10 sending and receiving SADs. At this point, further 
information is passed to both the transmitting SAD and the 
receiving SAD which enables them both physically to gain 
access to the channel. Although this information is 
strictly part of the media access protocol, it defines the 

15 parameters needed for the third layer of the access 
protocol, the data multiplexing protocol. 
Data Multiplexing Protocol 

The "further information" referred to in the previous 
section is in three parts. The first piece of information 

20 concerns synchronization information which is passed to 
both the transmitting and receiving SADs regarding the 
precise time slot within the time frame that the SAD may 
transmit. This process is broadly similar to Time Division 
Multiple Access multiplexing (TDMA) but differs in many 

25 important details, detailed below. 

The second piece of information concerns the format of 
the data from the DTE connected to the transmitting SAD. 
If the requirement is for a very high data rate, this can 
only be achieved by occupying several time slots within the 

30 time frame. This second layer of the data multiplexing 
protocol is entirely unique in that it optimizes the 
allocation of multiple time slots. It works in the 
following way. Depending upon the current allocation of 
time slots by the access node to other SADs already 

35 accessing the channel, the necessary multiple time slots 
made available to the SADs by the access node may be time 
contiguous or time disjoint. The information regarding the 



WO 93/15573 



15 



PCI7GB93/00199 



distribution of the time slots is passed onto a fourth 
layer of the access protocol called the "data protocol". 
This is different from the data link protocol used by the 
DTE. 

5 The third piece of information consists of the passing 

of an "address" to a unique code which is stored in both 
transmitting and receiving SADs. Once the SADs have 
received this code, the transmitting SAD uses it to 
multiplex the data (which, it will be recalled, is 

10 restricted to occupying a specific time slot within the 
time frame) onto the channel and the receiving SAD uses the 
same code generated locally to demultiplex the data from 
the channel. This method of multiplexing is similar to 
Code Division Multiple Access (CDMA) . This method of 

15 multiplexing will be detailed below. These two methods of 
multiplexing (TDMA and CDMA) are combined in a unique way 
to represent the method by which the information is able to 
share the common transmission medium. The maximum number 
of users able to access the channel is simply the product 

20 of the number of time slots per time frame and the number 
of CDMA channels. Each user may be regarded as 
transmitting over a dedicated MDMA channel. 
Data Protocol 

The transmitting SAD encodes the source data from the 
25 DTE with synchronization, header and trailer information 
each time data is transmitted during a time slot. This is 
the data protocol, as far as the multi-access system is 
concerned but this information is redundant as far as the 
DTE is concerned and is removed at the receiving end by the ' 
30 SAD prior to being routed to the appropriate DTE, When the 
media access protocol indicates time contiguous slots, the 
data protocol is adapted so that the synchronization, 
header and trailer information is only sent once. This 
removes unnecessary protocol overhead and further, it 
35 allows the time guard-band, which is used to prevent data 
collisions, to be used to transmit data. In this way it 
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will be seen that the new access protocol is extremely 
powerful in optimizing the flow of data along the channel. 
Data Link Protocol 

The various layers of the access protocol work at a 
5 level below the actual data link protocol used by the DTE. 
These data link protocols are assumed to be to the 
standards currently adopted for the various services 
proposed for the Integrated Services Digital Network (ISDN) 
for voice and data, listed in table 1 and the current and 

10 future data link protocols for digital video transmission 
such as CCITT standards px64 including H.261, H221, G.722 
and G711 proposed for the broadband ISDN. For voice modem 
data transmission such as V21, V22 and V23 and group 3 fax 
transmission, the access protocol is completely transparent 

15 to the data link protocol. 

The foregoing has identified a number of areas on 
which this invention has drawn. One is the area of time 
division multiple access, referred to as TDMA (or time 
division multiplexing, TDM). A second is code division 

20 multiple access, referred to as CDMA. A third area of 
relevant background art is the media access protocol used 
in digital mobile radio applications. 

Time Division Multiplexing. In this method, time is 
divided into time slots of equal duration. X consecutive 

25 time slots comprise a time frame. Within each slot period 
Y bits may be transmitted. Each data transmission is 
allocated its own time slot within the time frame, and so 
each transmission cannot be continuous for all time, but is 
sampled and Y bits of the sampled signal are transmitted 

30 during the appropriate time slot. Consequently, a maximum 
of X different sampled transmissions can take place within 
the time frame. The TDMA protocol is very rigid. Each 
transmission occupies one time slot, and that time slot 
must be synchronized to occur at the same time within the 

35 frame. Each time slot is specific to one user and cannot 
be reallocated to another user. The limitations on X are 
dependent on the maximum sampling period that may be 
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tolerated before the fidelity of the original signal is 
seriously impaired (this sets the maximum frame period) , 
the bandwidth of the transmission channel (which sets the 
maximum bit rate) , and Y (which sets the minimum slot 
5 period) . Thus if the maximum sampling period for a 
particular application is 125/xs and the channel bandwidth 
is 1 MHz indicating a maximum bit rate of about lMb/s, the 
total number of subscribers sharing the channel is 12.5 if 
10 bits per time slot are used. Figure 3a illustrates the 

10 process of time division multiplexing. 

Multiple access capability is possible either by 
routing the messages to the appropriate subscribers 
directly at the end nodes of the shared channel, which are 
the multiplexer/demultiplexers DM, as shown in Figure 3b, 

15 or by drop-in multiplexer /demultiplexers along the channel, 
as shown in Figure 3c. In this case each drop-in 
demultiplexer is synchronized to add or recover data at a 
given slot time within the frame period. 

There are a number of drawbacks with conventional 

20 TDMA. The first is that the maximum number of users on the 
network is quantified at the outset and it is not possible 
temporarily to overload the system. The second is that if 
the total number of users at any time is less than the 
maximum X the time frame is not used very effectively, and 

25 there are periods when no data is being transmitted, even 
though it would be more efficient for other users to extend 
their transmission period to take account of the missing 
users. It will be seen that the preferred example of the 
present invention has a much more sophisticated and 

30 powerful protocol which allows random allocation of time 
slots to individual transmissions, dynamic reallocation of 
time slots to other users and multiple time slot 
allocation. 

Code Division Multiple Access . There are two main types of 
35 CDMA multiplexing technique. One method is called direct- 
sequence CDMA and the other is called frequency hopped 
CDMA. The direct sequence CDMA method of multiplexing 
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relies on coding each data transmission with a unique 
pseudo-random code of length L chips. This is done by 
modulation of the code onto the data prior to modulation 
onto the carrier. This is shown in figure 4a for arbitrary 
5 modulation of the coded data bits onto the radio frequency 
carrier. 

In the receiver the data is recovered by correlating 
the code modulated data by a phase and epoch synchronized 
replica of the code used in the transmitter. In this way, 

10 the wanted data is extracted from the code, as shown in 
Figure 4b. If there is a phase difference between the 
received signal and the local code replica, the amplitude 
of the recovered signal can be very small if the phase 
error is large. This is dictated by the autocorrelation 

15 function of the code. Other data transmissions can be 
accommodated on the channel by coding them with different 
codes from the same basic family of codes (e.g. maximal 
length codes, Kasami codes or Gold codes) and of the same 
length L. 

20 All these simultaneous transmissions occupy the same 

frequency channel and are detected by every receiver 
sharing the channel. However each receiver rejects all the 
signals bar the wanted transmission to a degree determined 
by the cross-correlation between the code and all the other 

25 codes used in the multiple co-channel transmissions. 
Ideally the cross-correlation function should be zero. For 
most codes currently used in practice, the cross- 
correlation function is not zero because the codes are not 
perfectly orthogonal, and the result of this is cross- 

30 correlation "noise" or cross-talk from the other user(s) 
appearing on the wanted signal. The penalty of CDMA is 
that the output SNR is always limited by the other CDMA 
transmissions and as the number of transmission is allowed 
to increase so too does the level of noise on each detected 

35 signal. Interfering signals, such as noise, accidental or 
intentional jamming and any other signals which do not have 
a high degree of correlation with the local code can also 
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be rejected in the same way as the CDMA channels and this 
gives the technique immense advantages over other 
orthogonal multiplexing techniques such as TDMA when the 
system is interference limited, as is common in many radio 
5 area-coverage schemes. 

This ability to demultiplex a wanted transmission from 
many other co-channel transmissions or to reject 
interference does not stem purely from the coding strategy 
however, but by the fact that the code is clocked at a much 

10 higher rate than the data to ensure that during the 
correlation process each data bit can be detected by 
integration over the code repetition period. To achieve 
this, the code rate is usually at least L times higher than 
the data rate. This high speed code has a wide bandwidth 

15 and consequently the transmission bandwidth of the data 
modulated code is very much wider than the data bandwidth. 
This technique is referred to as direct-sequence spread- 
spectrum modulation. 

The normal method of encoding the data with the 

20 pseudo-noise code is to use digital modulo 2 addition using 
an exclusive OR gate. For radio networks, this encoded 
data stream is then modulated onto the rf carrier in the 
normal way using either binary phase shift keying 
quadrature phase shift keying or minimum shift keying. The 

25 method of modulation onto the carrier is not a key feature 
of this patent application. 

Frequency hopped CDMA also uses pseudo-random codes, 
but in this case the value of a pseudo random n-tuple word 
is used to control the carrier frequency of the data 

30 transmission. The data may be modulated onto the carrier 
using any conventional technique, such as Frequency Shift 
Keying or Phase Shift Keying etc. As the value of the 
pseudo-random word changes, so too does the carrier 
frequency. In this way, each message hops from frequency 

35 to frequency at the same rate as the pseudo-random code is 
clocked by the system and the pseudo-random codes are 
chosen such that the likelihood of two messages 
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simultaneously being transmitting on the same frequency is 
very low. consequently, this too is a multiple access 
multiplexing technique in which all the messages share the 
same frequency band. However, unlike direct-sequence CDMA, 
5 the various messages do not occupy all the frequency band 
simultaneously, but only small parts of it for the duration 
of each hop. 

The frequency hopping receiver also uses a form of 
correlation to recover the messages being transmitted. The 

10 receiver uses the same pseudo-random code pattern as the 
transmitter and is phase and epoch synchronised to it. 
Each code word represents either the same carrier frequency 
as in the transmitter or is offset from the transmitter 
frequency by a fixed amount (the intermediate frequency) . 

15 Thus, when the transmitter frequency changes it is tracked 
exactly by a change in the local oscillator frequency in 
the receiver and the message is always translated to a 
single intermediate frequency where it can be demodulated 
in the normal way. 

20 in the present specification "CDMA" is used generally 

to denote both direct sequence and frequency hopped CDMA, 
except where indicated to the contrary. 

In the conventional CDMA system, each user transmits 
simultaneously and time contiguously (compared with the 

25 case of the TDMA system) . The penalty, relative to the 
TDMA systems is that each received signal is always 
corrupted by spread-spectrum cross-talk from other CDMA 
transmissions, where for an ideal TDMA system under jitter 
free conditions, there is no corruption of the 

30 demultiplexed signal through cross-talk. 

A major problem with the conventional CDMA multiple 
access protocol is that every subscriber on the network is 
allocated a unique code, which forms the address of that 
subscriber. For large networks, this requires the 

35 existence of a code set with a very large family of codes 
of excellent auto- and cross-correlation performance. A 
considerable effort has been expended in recent years in 
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attempting to find classes of code which meet these three 
criteria. For most real networks, however, the number of 
subscribers requiring simultaneous access to network is 
considerably less than the total number of subscribers. 
5 The new access protocol removes the requirement that 

the code should act as the address of the subscriber and 
this immediately removes the requirement for large families 
of codes. 

It will be apparent that although both TDMA and CDMA 

10 methods of multiplexing are synchronous, the method of 
operating their respective networks is totally different. 
CDMA is excellent in interference limited conditions, but 
otherwise has a relatively poor spectrum utilization. 
TDMA, on the other hand has an excellent performance in 

15 conditions of low interference and noise. 

A major advantage of CDMA, which is exploited by the 
MDMA protocol, is the possibility of temporary system 
overload by means of "graceful" degradation of the 
received signal quality. In the CDMA system, other 

20 transmissions appear as noise on the wanted signal. The 
limit to the number of CDMA channels is normally set by the 
level of allowable noise on the signal in order to achieve 
a required bit error rate. If this bit error rate 
performance can be sacrificed, then the level of noise can 

25 be allowed to rise, and hence the number of CDMA channels 
can be allowed to increase. In a TDMA system the maximum 
number of transmissions is fixed at the outset by the 
number of time slots per time frame. 

Access Protocols. Both TDMA and CDMA split the single 
30 shared channel into "MDMA channels" which are used between 
connected pairs of subscribers. Although at this physical 
layer, the network is synchronous, as far as transmission 
of the bits is concerned, it is quite possible to operate 
both synchronous or asynchronous communication services 
35 depending on whether other layers of the protocol exist. 
The next layer up from the physical layer is the data-link 
layer. At this level the protocol may take the bits which 
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are being transmitted over the MDMA channel and packetise 
them. The advantage of this is that many data services 
require this form of data transmission because this 
protocol allows packets of data which have become corrupted 
5 during transmission to be retransmitted. This type of 
protocol is well known. Even at the physical level it is 
necessary to establish some form of protocol for users to 
access the common channel (i.e. to set up their MDMA 
channel) and to hand back the MDMA channel when the 

10 transmission has ended. Many different protocols have been 
developed to allow connection of a terminal to a network. 
All are based on the concept of the prospective user 
requesting access to the network and being granted access 
(or denied access) by the network controller. This sets a 

15 "flag" on the channel whilst that link is connected which 
is released when the user terminates the transmission. In 
multiple access networks, the protocol is made more complex 
by the need to arbitrate against access contention 
problems, which occurs when two users wish to gain access 

20 to the network simultaneously. The proposed protocol draws 
on these ideas, but differs in that a) it is applied to the 
new multiplexing method (MDMA) , b) uses common channel 
signalling to control the operation of the network) , c) 
certain aspects of the access protocol are entirely new. 

25 The Position of MDMA relative to CDMA and TDMA 

The new multiple access protocol MDMA has features of 
both TDMA and CDMA as far as message multiplexing goes but 
by means of a unique network access and control protocol 
MDMA is able to operate as a multiple access network. MDMA 

30 selects the best features of both systems to create a 
network architecture at the physical layer level which is 
vastly superior to either system. The CDMA method of 
multiplexing has very severe limitations in the multiple- 
access environment when two transmitters attempt to 

35 communicate with a single receiver and a collision occurs. 
The reason for this is that the CDMA protocol does not 
contain any media access protocols. Additionally, CDMA 
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generally requires a very large code set whereas MDMA does 
not. TDMA has the major restriction that if the network is 
not fully utilized, there are redundant time slots, and 
this is not particularly efficient. MDMA as implemented in 
5 the preferred example makes use of a protocol which enables 
dynamic allocation of the time slots, and is considerably 
more efficient that TDMA. Finally MDMA exploits the 
"graceful degradation" attribute of CDMA which allows 
temporary overload of the network. 

10 In the following section the operation of the multiple 

access network using the MDMA protocol is described in 
greater detail. 

Each subscriber gains access to the common radio 
channel via a broadband radio transceiver called a 

15 subscriber access device or SAD. This device is connected 
to the subscriber's data terminal equipment and it operates 
in full duplex mode. All transmissions from the SAD over 
the common radio channel are made via the access node, 
which is a radio base-station. The SADs communicate with 

20 the access nodes using spread-spectrum signalling but the 
effective data transmission is not necessarily time 
contiguous but restricted to occurring in a data sampled 
mode over a synchronized time slot within a fixed frequency 
time frame. The overall system operates as a synchronous 

25 communication channel, synchronized by the transmission 
from the access node. 

The access node transmits continuously on the down 
link to all SADs using a specific pseudo-random code known 
to all SADs. We refer to this specific pattern of bits as 

30 a pilot code. By means of this continuous pilot code 
transmission, all SADs are able to synchronize their 
pseudo-noise code generators to this code. Synchronization 
is achieved using conventional code synchronization 
circuitry and delay-lock tracking loops. The time frame 

35 and slot periods are also synchronized to the code period. 
Consequently, all SADs are able to ensure that they are 
fully synchronized to the access node simply by 
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synchronising to the pilot code. Synchronization of the 
system is carried out under the control of a microprocessor 
in each SAD. 

The access node constantly monitors the up-link from 
5 the SADs for transmissions. These transmissions from the 
SADs also use the pilot code. This code is reserved 
specifically for the SADs to gain access to the network, 
and is analogous in function to a hailing channel in a 
normal radio system. 

10 in the first instance of switching on and programming 

a SAD, the SAD first achieves synchronization to the down- 
link pilot code. The SAD is programmed using a "smartcard" 
and this provides the SAD with a user identification 
number. The protocol for logging on to the network is as 

15 follows. The fully synchronized SAD monitors the up-link 
for activity and then hails the access node using the pilot 
code if and only if it senses that no other SAD is using 
the up-link pilot channel. This partially overcomes the 
contention problem when two users wish to gain access to 

20 the network. The method of signalling is to use either 
modulo 2 addition of the pseudo-noise pilot code onto the 
data or linear multiplication using a double balanced 
modulator. The method of modulation of this encoded data 
onto the carrier is arbitrary but is usually binary phase 

25 shift keying, quaternary phase shift keying or minimum 
phase shift keying. 

The various data transmissions by the SAD on the up- 
link hailing channel and the access node on the down-link 
hailing channel to initiate SAD log-on to the network are 

30 described by the following handshake protocol: 

SAD REQUEST (up-link hailing) 

BS ACKNOWLEDGEMENT (down-link, hailing) 

SAD CHANNEL ACKNOWLEDGEMENT (up-link hailing) 

SAD REQUEST requires the following information to be sent: 

35 i) the calling SADs identification number (which may 

give details of the physical location of the SAD 
for delay management purposes or which may point 
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to such information in the base-station's 
database) 

ii) the caller's identification number (for security 

and billing) 

5 iii) the service identification number (e.g., voice 

video, fax, data) 
vi) type of request (e.g. regular call or network 

management function) 
v) receiver's identification number (id). 

10 In the case of the log-on request, this is identified 

in the "type of request" and no data is expected for the 
service identification number or the receiver id. 
BS ACKNOWLEDGEMENT 

The base-station access node acknowledges the SAD's 
15 request to log-on to the network, if it has been correctly 
decoded, with the following sequence: 

i) SAD identification number 

ii) service identification number 

iii) request granted flag. 

20 The log-on request may or may not be granted for many 

reasons (subscription cancelled etc) . If no 

acknowledgement is sent to the SAD after a time-out period, 
bus contention is assumed and the SAD repeats the request. 
To ensure that the network does not hang-up, the SAD 
25 must acknowledge receipt of the BS ACKNOWLEDGEMENT. 
SAD CHANNEL ACKNOWLEDGEMENT 

The following information is sent back to the access 

node : 

i) SAD identification number 

30 ii) caller's identification number 

iii) service identification number 

iv) BS Acknowledgement received flag. 

If this acknowledgement is not received by the base- 
station, the base-station re-issues the BS ACKNOWLEDGEMENT 
35 message until SAD CHANNEL ACKNOWLEDGEMENT is received 
(within a time-out period) . The SAD is then logged-on to 
the network. 
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If, during this process a second SAD attempts to use 
the up-link pilot channel simultaneously, the access node 
detects the collision, and makes no acknowledgement to 
either SAD and they both "time-out" and retransmit after a 
5 random delay in a similar manner to the ethernet access 
protocol. The SAD cannot transmit data to other SADs until 
the log-on process has been accomplished. 

When the SAD attempts to gain access to the channel to 
transmit data to another SAD on the same network, the 

10 following protocol is followed. First, the SAD monitors 
the down-link pilot channel for activity. If none is 
detected, the SAD's address is sent to the access node on 
the pilot channel along with the address of the receiving 
SAD and the type of service the SAD wishes to transmit (eg 

15 voice, data, video) . The access node checks to ensure that 
the addresses have been logged-on to the network, by 
reference to its database of logged-on subscribers, and 
replies to the calling SAD on the down-link using the 
pilot code if this is not the case and the attempted access 

20 fails. If both SADs have valid user identification 
numbers, the access node then checks whether the requested 
receiver SAD is engaged. If not, the SAD then checks to 
see if there are any free time slots and any free codes of 
total bandwidth which matches the requirements of the 

25 transmitting SAD. 

If sufficient capacity exists, the access node 
acknowledges the original request for access by returning 
the user identification code and then, in order to free the 
pilot channel for other requests to access the channel, 

30 directs both the calling and receiving SADs to use a 
different CDMA code. This is accomplished by the access 
node which allocates a spare pseudo-random code to both 
SADs. The allocation of the code is in the form of an 
address which is transmitted to both SADs on the down-link 

35 pilot channel which points to a location inside the read 
only memory (ROM) of the SADs. This address contains the 
parameters needed for the SAD to generate the correct code. 
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This comprises an indication of the shift register tap 
points of the pseudo-noise code generator, which is a well 
understood technique. The "tap points" data is loaded into 
a mask which controls the feedback connections of the code 
5 generator. Every SAD contains information about every 
possible code within the code set and this is stored in 
read only memory (ROM) . The information regarding a 
specific randomly chosen code is found at a specific 
address in the ROM. 

10 In addition to the information regarding the code the 

access node sends back a list of the time slots that have 
been allocated to the SAD. The same information is then 
passed on to the requested receiving SAD. In this way, a 
handshake protocol has been established between the two 

15 SADs via the access node. It is possible for the handshake 
to be fully interlocked by relying on the two SADs to 
acknowledge that the information regarding the time slots 
has been received correctly. This can be done by 
transmitting using the new code allocation and time slot 

20 allocation to send an acknowledgement message, which is 
monitored temporarily by the access node. 

Each SAD decodes the time slot information sent from 
the access node. This is simply a bit map of the time 
slots within the time frame which have been allocated to 

25 the two SADs. A microprocessor decoder analyses this 
information for contiguous time slots and if these are 
found modifies the header code in the "data protocol". 
Because the access protocol is largely independent of the 
data format used by the DTE there would be literally dozens 

30 of different frame structures for the different types of 
data which can be transmitted. 

The SAD accesses the network using the following 
handshake protocol: 

SAD REQUEST (up-link hailing) 

35 BS ACKNOWLEDGEMENT (down-link hailing) 

BS CHANNEL SELECT (down-link) combined action 

SAD CHANNEL ACKNOWLEDGEMENT ( (up-link hailing) 
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INITIATE CALL ON SPECIFIED 

CHANNEL (selected up/down link 
channel) 

SAD CALL TERMINATE (up-link hailing) 

5 BS ACKNOWLEDGE TERMINATION (down-link hailing) 

BS DEALLOCATE CHANNEL 

SAD REQUEST requires the following information to be 

sent: 



i) the calling SADs identification number (which may 
10 give details of the physical location of the SAD 

for delay management purposes or which may point 
to such information in the base-station's 
database) 

ii) the caller's identification number (for security 
15 and billing) 

iii) the service identification number (e.g. voice 
video, fax, data) . This determines the number of 
time slots or CDMA channels required by the SAD 

vi) type of request (e.g. regular call or network 

20 management function) 

v) receiver's id. 



BS ACKNOWLEDGEMENT 

The base-station acknowledges the SAD request, if it 
has been correctly decoded, and then attempts to set up the 
25 call. It can also give BS CHANNEL SELECT information. The 
following information is sent on the down-link hailing 
channel : 



i) SAD identification number 

ii) service identification number 
3 0 iii) request granted flag 

iv) CDMA channel mask (a 4 or 5 bit mask identifying 
the number of CDMA channels allocated to this 
request) 

v) TDMA time slot mask (a 6 bit mask identifying how 
35 many and which time slots have been allocated to 

this request) . 
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The request may or may not be granted. If no 
acknowledgment is sent to the SAD after a time-out, bus 
contention is assumed and the SAD repeats the request. 

To ensure that the network does not hang-up, the SAD 
5 must acknowledge receipt of the BS ACKNOWLEDGEMENT because 
the base-station has allocated a channel at this stage. 
SAD CHANNEL ACKNOWLEDGEMENT 

The following information is sent: 



i) SAD identification number 

10 ii) caller's identification number 

iii) service identification number 

iv) BS Acknowledgement received flag. 



If this acknowledgement is not received by the base- 
station, the base-station re-issues the BS ACKNOWLEDGEMENT 
15 message until SAD CHANNEL ACKNOWLEDGEMENT is received 
(within a time-out period) . The SAD then moves to the 
indicated channel and the call is set up. 
SAD CALL TERMINATE 

The following information is sent 
20 i) SAD identification number 

ii) caller's identification number 

iii) service identification number 

iv) call terminate flag. 
BS ACKNOWLEDGE TERMINATION 

25 Following information sent: 

i) SAD identification number 

ii) service identification number 

iii) BS Acknowledge termination flag 

If the SAD does not receive a BS ACKNOWLEDGE 
30 TERMINATION flag, the SAD CALL TERMINATE is sent again 
until the flag is true. 

At this stage, the base-station deallocates the 
channels to the SAD. 

When the base-station attempts to set-up a call with 
35 a SAD the following protocol is observed: 

BS REQUEST (down-link hailing) 

SAD ACKNOWLEDGEMENT (up-link-link hailing) 
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SAD CHANNEL ACKNOWLEDGEMENT 



BS CHANNEL SELECT 



(down-link hailing) 
(up-link hailing) 



INITIATE CALL ON SPECIFIED 



SAD CALL TERMINATE 



CHANNEL 



(selected up/dow link 
channel) 

(up-link hailing) 



10 



15 



20 



25 



30 



BS ACKNOWLEDGE TERMINATION (down-link hailing) 
BS DEALLOCATE CHANNEL 

The BS REQUEST is a call put out on the down-link 
hailing channel to a specific SAD. The following 
information must be sent: 

i) SAD identification number 

ii) receiver's identification number 

iii) request for SAD to receiver 

iv) service identification number 

v) caller's identification number 

vi) service type required. 

The request may fail because the SAD may not be able 
to satisfy iii) (because it is busy) or v) (because it 
cannot provide the necessary terminal equipment for the 
required service) . 

This is acknowledged by SAD ACKNOWLEDGEMENT, which 
sends the following information: 

i) SAD identification number 

ii) receiver identification number 

iii) service identification number 

iv) receive acknowledge flag (yes/no) . 

If the BS receives a valid NO flag, the call is 
terminated and appropriate messages (described earlier) are 
sent to the caller. If the BS receives a valid YES flag, 
the BS sends a BS CHANNEL SELECT message. If the BS 
receives no valid signal it re-issues the BS REQUEST 
message repeatedly until a time-out has been exceeded 
whereupon the call set-up is deemed to have failed. Note 
that for the down-link there are no contention problems 
because the base-station controls the hailing channel. 
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BS CHANNEL SELECT requires the following information 
to be sent: 

i) SAD identification number 

ii) receiver's identification number 
5 iii) service identification number 

iv) CDMA mask 

v) TDMA mask. 

The base-station waits for a SAD ACKNOWLEDGEMENT to be 
sent and repeats the BS CHANNEL SELECT until it is received 
10 (or until time-out) . 

The call is then connected. 

The SAD can issue a SAD CALL TERMINATE message which 
requires a BS ACKNOWLEDGE TERMINATION message to complete 
the action. 

15 A feature of the MDMA protocol is dynamic allocation 

of time-slots and dynamic allocation of CDMA channels. 

This is possible if the protocols referred to above 
are modified so that in place of some generic command 
"INITIATE CALL ON SPECIFIED CHANNEL" a more specific 

20 protocol command such as SEND (or RECEIVE) PACKET is 
issued. In this case whenever a trailer byte is detected, 
indicating the end of a packet the down-link hailing 
channel can be probed for CHANNEL TRANSFER. 



This message sends the following information. 

25 i) SAD identification number 

ii) receiver's identification number 

iii) service identification number 

iv) new TDMA mask 

v) new CDMA mask. 

30 Before the new channels are set up, it is necessary 



for the SAD to issue a CHANNEL TRANSFER ACKNOWLEDGEMENT. 

Finally, if the SAD is switched off or the smartcard 
is removed the SAD issues a log-off dialogue with the 
access node before powering-down . The protocol for the 
35 log-off is as follows: 
SAD REQUEST 
BS ACKNOWLEDGEMENT 
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SAD CHANNEL ACKNOWLEDGEMENT 

In this case the SAD sends a log-off request on the 
hailing channel. This is acknowledged by the access node 
and the SAD acknowledges the base-station acknowledgement. 
5 If neither acknowledgement is received retransmission of 
the request takes place. 

Figure 5 shows a typical frame structure of the MDMA 
protocol. In this diagram are shown Y CDMA channels each 
sub-divided into X contiguous time-slots. One of these 

10 CDMA channels represents the hailing channel (e.g. CDMA 
channel 0) . After X time slots there is a inter-frame gap 
or guard-band time. This delineates the frame periods and 
represents the worst-case propagation delay from the 
furthest SAD to the access node. Note how only the hailing 

15 channel transmits in the inter-frame gap. 

In the preferred method, the duration of the time slot 
is selected to allow 55 bytes of data to be transmitted 
(corresponding to a modified ATM packet of data) at a rate 
of 1.2 Mb/s and the frame rate is selected so that the 

20 lowest data rate per MDMA channel is 16 kb/s. However, 
this particular frame structure is only typical of the 
preferred frame structure, which could have different 
timings . 
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Possible ISDN Services 


Service 


Bandwidth 


Telephone 


16 — 64 kb/s 






Utility Metering 


100 b/s 


Energy Management 


100 b/s 


Videotex 


2.4 - 64 kb/s 


Electronic Mail 


4.8 - 64 kb/s 


Facsimile 


4.8 - 64 kb/s 


Slow Scan TV 


56 - 64 kb/s 


Video Conferencing 


128 - 1024 kb/s 



Table 1 Typical Services which can be accessed 
via the proposed multiple access 
system. 
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1. A communication system characterised by subscriber 
channels defined by the combination of a selected direct 

5 sequence CDMA code and a selected one or more time slots 
within a TDMA frame. 

2. A system according to claim 1, the system including a 
plurality of subscribers (2) connected via a common 
transmission medium to an access node (1) arranged to 

10 assign the channels to the subscribers during an access 
phase. 

3. A system according to claim 2, in which the access 
node (1) is arranged to communicate with the different 
subscribers (2) on a common hailing channel assigned a 

15 direct sequence CDMA pilot code. 

4. A communication system including an access node 
arranged to communicate with a plurality of subscribers 
characterised by subscriber channels defined by the 
combination of a CDMA code and a selected one or more time 

20 slots within a TDMA frame and in that the access node is 
arranged to communicate with the different subscribers on 
a common hailing channel defined by a pilot CDMA code 
common to the node and the subscribers. 

5. A system according to claim 2, 3, or 4, in which the 
25 node (1) is arranged to select a free channel and to 

transmit to the transmitting and receiving subscribers (2) 
an indication of the selected channel. 

6. A system according to claim 5, in which the node (1) 
is arranged to communicate in addition data indicating a 

30 selected data format for the transmissions between the 
subscribers, the said data indicating whether the channel 
includes single or multiple time slots within each frame, 
and where multiple time slots are used whether those slots 
are contiguous or time disjoint. 

35 7. A system according to claim 6, in which the node (1) 
is arranged to adapt the data format when the channel 
includes a plurality of contiguous time slots by replacing 
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redundant header or trailer bits in the second or 
subsequent slots with traffic data. 

8. A method of operating a communication system 
characterised by allocating to subscribers channels defined 

5 by the combination of a selected direct sequence CDMA code 
and a selected one or more time slots within a TDMA frame. 

9. A method according to claim 8, in which the 
communication system comprises a plurality of subscribers 
(2) connected via a common transmission medium to an access 

10 node (1) and in which the step of allocating subscriber 
channels is carried out by the access node. 

10. A method according to claim 9, in which the node (1) 
communicates with different subscribers (2) on a common 
hailing channel assigned a direct sequence CDMA pilot code. 

15 11. A method of operating a communication system including 
an access node, and a plurality of subscribers arranged to 
communicate via the access node, characterised by assigning 
to the subscribers channels defined by the combination of 
a CDMA code and a selected one or more time slots within a 

20 TDMA frame and communicating between the access node and 
different subscribers during an access phase on a hailing 
channel defined by a pilot CDMA code common to the node and 
to the subscribers. 

12. A method according to claim 10 or 11, in which, in an 
25 access phase, after the node (1) has communicated with a 

transmitting subscriber and a receiving subscriber on the 
common hailing channel, the node selects a free channel 
defined by a CDMA code other than the pilot code, and a 
selected one or more time slots, and transmits to the said 
30 subscribers an indication of the selected channel, the 
subscribers subsequently communicating via the node on the 
selected channel. 

13. A method d ^cording to claim 12, in which the node (1) 
is arranged to communicate in addition data indicating a 

35 selected data format for the transmissions between the said 
subscribers, the said data indicating whether the channel 
includes single or multiple time slots within each time 
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frame, and where multiple time slots are used, whether 
those slots are contiguous or time disjoint. 

14. A method according to claim 13, in which the node (1) 
adapts the data format when the channel includes a 

5 plurality of contiguous time slots, by replacing redundant 
header or trailer bits in the second or subsequent slots 
with traffic data. 

15. A system according to claim 4, or any one of claims 5 
to 7 when dependent on claim 4, in which the CDMA code is 

10 a frequency hopping code arranged to modulate the frequency 
of a carrier signal. 

16. A method according to claim 11, or any one of claims 
12 to 14 when dependent on claim 11, in which the CDMA code 
is a frequency hopping code arranged to modulate the 

15 frequency of a carrier signal. 

17. A system according to any one of claims 1 to 7 and 15, 
or method according to any one of claims 8 to 13 and 16, in 
which the system is a digital radio network. 

18. A subscriber access device adapted for use in a 
20 system, or by a method according to any one of the 

preceding claims. 

19. A subscriber access device according to claim 18, in 
which the device is a radio telephone. 

20. An access node (1) adapted for use in a system 
25 according to any one of the preceding claims. 

21. A method of operating a communication system including 
the step of allocating TDMA channels to subscribers, 
characterised by the step of adapting the data format of 
the channel when the, channel includes a plurality of 

30 contiguous time slots by replacing redundant header or 
trailer bits in the second or subsequent slots with traffic 
data. 
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